The pur pose of th1s run was, to check the- chamber vnth re'lat1v1st1c anha
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ln the f1fth quarter of th1s contract most of our effort has been : T

d1rected toward a test run at the Bevatron, wh1ch was made in m1d January - °
:';

}

‘ E ) j.; “
. part1c1es and neon nuc]e1 (Z 10) Data were obtamed w1th anhas and o ?j'.‘ @
‘ e (O I
mth carbon nuc1e1 (Z = 6), smce The attempts to acceTerate neon were not AN
) : v . Qo
successfu] The data are presently bemg ana]_yzed g ="
Q-IH L ]
The w1ndmg machme mentloned 1n the Tast report was co'rpleted and ;’EE
used m the constructmn of a. new chamber _si L
e _ T RS-
Theoret1caT stud1es were 1mt1ated o try to understand the reason for E’S T
= w
” ’ = B
the uncertamty in the p051t1on measurenent 2¢
Bevatron Run 2245
| 25 =
In our proposal for the run w1th re]at1v1st1c heavy 1ons, the purpose LT
. ' o -~
was stated as foTTows "The purpose of the run will be to 1nvest1gate the VE o
o B
. character of the s1gnals 1nduced in an e]ectromagnetm de]ay 11ne capacitively ZZ 8
=z C ¢.
o

coupled to the wire cathode plane of a multiwire proportwna] chamber. In‘
part1cu1ar, we wish to study these S1gnaTs and the behavmr of the readout
eTectromcs as a functwn of assoc1ated s-ray productwn These measurements
are important in assessmg ‘the. effect of 5 ray. background on the spatial

fESoTutlon attamab]e for the pr1mary_-1ons. The results of these tests will



:fﬂ the quh Energy Astroaonj {bservatory spacecrart The use of the o

Hl"!

a1d us in de51gn1ng mu1t1w1re proport1ona1 chambers and readout systems for o

" use as spatial detectors - 1n a superconduct1ng magnet1c spectrometer

-

¢cxperiment p1anned by the Alvarez group for cosmic ray nuclei and electrons

- #gevatron h1gh energy heavy jon boam 1s the only way 1n wh1ch the &- ray back-

| ground effectS"‘ 1vs~rrambef can be eva]uated 1n a s1tuat1on approx1mat1ng .

that which will be encountered dur1ng this exper1ment

The MiPC, delay 11ne preamf11f1er, and d1scr1m1nators were shlpped to.

. Berkeley and set up- at the Bevatron The A]varez group prov1ded a .

sc1nt1]lat1on counter te]escope chamber gases, logic moou]es, power supplles;-5*435"

.. a dua] beaﬁ oe:aﬂquscone and scope camera

Pulses were taken from a dea]y 11ne coup]ed to one of the cathodes

- Runs were made both w1th 75 argon - ZSA CO2 and w1th 79. 5% argon - 20%

3lsobutane - 0 5% Freon Pu]se he1ght spectra were measured and osc1]]oscope f“'.f'

'_plctures vere taken The scope was tr1ggered by the sc1nt111at1on counter

‘telescope “and pu]ses from the VNPC were displayed.

About ]70 p1ctures were made w1th a 2. 1 GeV/nuc]eon beam of a]pha

_ part1c]es, wh11e the Bevatron was be1ng tuned for the heavy jon beam. when

~the machine was operated WIth neon 1n the 1on source, 1t was found that that

beam was near]y pure Clz. About 800 p1ctures were taken w1th this beam.
both with and withoutkabsorbers in front of the chamber. These p1ctures o
are presently bejng analyzed. , )

N1nd1ng Machine

Construction of the w1nd1ng mach1ne was finished in th1s quarter A

, picture is shown in Figure 1. The lead screw, and the threaded rods on




"1nduced on the two adJacent anode w1res, are equaT 1n a symmetr1c chamber..»*
I{regardless of the Tocat1on of the pr1mary 1on1zat1on With an anode w1re
- of 20p d1aneter th1s ‘means. that the d1scharge spreads 30 to 50p in each

?-f dlrect1on around the‘w1re It seems reasonab]e to assume that the d1scharge D

L spreads at Teast this far aTong the w1re

An upper bound to the d1scharge reg1on is g1ven by the measurenents of

28 'the reTat1ve response of d1fferent cathode str1ps, when the Tocat1on of a

' prlmary event is known The resuTts of th1s measurement were g}ven in the

‘Tast quarter]y report (29 0ctober 1971) The f W. h m. of the measuyed N

’d1str1but10n was RN R | ‘
The expected d1str1but1on var1es w1th pos1t1on as

i where L is. the d1stance from anode to. cathode The f W, h m.-is 2L oF about

i*f‘TO mm in: our chamber S1nce the entlre f w h .M. “can be accounted for on

’: the bas1s of a po1nt d1scharge, the d1scharge cannot spread more than a

few millimeters. A
If the d1scharge spreads equaTTy in both d1rect1ons, th1s w1TT have .
no effect on the measurement of pos1t1on However, any asymmetry 1n the r¥iwff
"dxstr1but1on of 1onwzat1on w1TT resuTt in. 31tter in the pos1t1on measurement .
:..he most 1moortant mechan1sm of spread1nq is probabTy uTtrav1oTet photons |
'If these have ranges of the order of a m1TT1meter in the gas, then we can
deduce that the product, number of photons times probability of creating
an ion, is not Targe-;otherwise there would be a Geiger-Muller discharge.
 In this case, we could expect an asymmetry in the distribution resulting in

a displacement of the centroid of a fraction of a millimeter.






The 1onlzat1on potent1a1 of argon is. ]5 755 eV correspond1ng to a wave- g‘7'

length of 787 A At wave]engths shorter than this, the absorption cross-'

-7 2 The correspond1ng mean free path 1s 10 - 25

'sect1on is 2 to 5 x TO
"m1crons Th1s is. too short to g1ve an apprec1ab1e asymnetry in the charge L
d1str1but1on o .. | | ‘
At waveTengths Tonger than 787 g ‘the absorpt1on cross sect1on decreases:
beTow 10~ ]8 m;;- At these waveTengths, the probab1T1ty of 1on121ng an argon_
"atom aTso decreases marked]y | Ion1zat1on is poss1b]e now only if the energy_.
leve]s of the atom have been perturbed by a co]T1s1on with another atom
- The process .“ T ; | | S
| | T rv + Ar +, A -—-aw-Aer’ +e o
| permlts 10n1zat1on at Tonger wave]engths, at wh1ch the mean free path may
be of the order of a m1111meter Th1s is suff1c1ent1y Tong to account for a-f
s1gn1f1cant dispTacement of the centro1d of the d1scharge . | |
.Summarx fn - j ; | " | » : _
| The most T1ke1y cand1date for the effect which. T1m1ts the spat1aT
resolution to about 0 2 mm (To-) 1s the spread of the d1scharge aTong the
W1re.. If-so, it should be poss1b1e to minimize thts by proper se]ect1on of
~ the counter gas: : -F;"‘.T H . -
We are pursuing our investigation of the mechanism responsibie for the:

spread of the d1scharge both anaTyt1caTTy and in the Taboratory

'ETectron1c C1rcu1ts

A number of lmprovements have been made in the electronic. c1rcu1ts

since our last report. These are ref]ected in" the schemat1c (Figure 1)



o ~2ﬁ¢4-4 wound, have 13 threads per inch: the spacing,is:1.954mm,7f
;é.; Ny to be a nom1na1 2mm The wire tens1on is contro]]ed by a -
» ‘L, and measured by a ca]1brated spr1ng ba]ance

<Aa5]fé;,g;[ -(hlne was- used to w1nd bNPC #3- (see next paragraph) For the

—"

';gnr . 1t was motor dr1ven For the anode p]anes, 1t was turned
'”é§¥;,7h1h1s a]lowed a more accurate contro] of the tens1on and a]so

' iihf,‘an spac1ng of 4nn rather than the me for wh1ch ‘the mach1ne 1s‘b

iy set. _ LT .
z:e nach1ne 1s now be1ng modwfled to w1nd de]ay ]1nes as: we]] as MNPC
-vf}- planes. ' ' |

atory Hodel erc 5

In preparat1on for the run at the Bevatron, another hWPC was constructed
v anode p]ane was .an array of 20 “micron tungsten w1res spaced 4mm apart
Tre o cathode p]anes were wound of 250-micron stawnless stee1 w1res, 2mm
" .:rt Smm on e1ther s1de of the anode p]ane The frame 1s of NEMA G]O and
;‘;h' 2 top and bottom covers are of mylar W1res were used for the cathode

tanes in order to avo1d d1stort1on due to 1nterna1 pressure when the p]anes

»'
oS

ere p]ated on the my]ar w1ndows _
The chamber vias assembled and tested and then sh1pped to Berke]ey as
" < *re, It was not needed for the Bevatron runs. | “

1t\on Uncerta1nty

- In our con51derat1on of the uncerta1nty 1n the Tocation of an ionizing
fvﬂﬂt in the chamber, we have been unab]e-to locate any s1ng]e factor which
vd]d 11m1t the standard dev1at10n to approx1macely 0. 2mm We'haVe con-

rred the fo]]ow1ng sources of J1tter



(a) - E]ectron diffusion.

(b)e'No1se in the electronics.

‘i(c)"Lateral ranges of 1on121ng part1c1es in the sens1t1ve vo]ume.

~ (d) - Source wwdth or m1sa]1gnment

(e)'~0e1ta rays ' o -
h (f)fnspread of the d1scharge a]ong the anode wire.

", E1ectron D1ffus1on

we ca1cu1ated that, at 2500 vo]ts 1n 75% argon - 25% 1sobutane, the

"’r m.s. d1ffu51on d1stance 15 approx1mate1y

__' <x>—. 150 m1crons

‘ff1n one d1mens1on,»f0r an electron start1ng from the v1c1n1ty of the cathode ':-

, The_r.m,s error in: p051t1on due to d1ffus1on 15 '".te; ;:",’ o SRR

»;’ﬁhere n is the number of primary e]ectrons co]]ected
LIf there are 240 pr1mary e]ectrons generated by a 5.9 KeV Fe55vx-ray,,.

L

i-aand if all of. these are co]]ected we get

o =10 microns

which is 1ns1gn1f1cant conpared to the measured va]ues

e can foresee

'to electron d1ffus1on wou]d be s1gn1f1cant if an e]ectronegat1ve gas, such

_as freon, is used in suff1c1ent concentrat1on so in many cases on]y one

or two primary e]ectrons are col]ected and if the ga1n 1s Suff1c1ent]y

saturat1on so that these events are counted along w1th the ones in

;lose to

- which many primaries are . effective.

on]y one c1rcumstance in whwch the poswt1on error due _ . ..



P A S Lo
Our Ortec 109A chargelintegrattng preamp1ifiers'were‘modified.as
| voltage amp11f1ers by rep]ac1ng the one picofarad feedback capacitor with
~a 100K res1stor The resu]t1ng vo]tage ga1n is about 50. The de]ay line
4&'51gnals are therefore no 1onger 1ntegrated and have a character1st1cs rlse ; -
4:int1me out of the Ortec of about 100 nanoseconds “and a decay t1me of about |
200 nanoseconds - f~z /' o
The comparator de]ay 11ne hgs‘been reduced to 65 nanoseconds to g1ve
i the des1red crossxng character1st1cs for the present 1nput s1gnals The_vi
changes were 1ncorporated to 1mprove the poss1b111ty of d1scr1m1nat1ng
‘:aga1nst 6 rays travers1ng the chamber at d1stances greater than*~3 cent1-.
‘~;rmeters from the . pr1mary No s1gn1f1cant deqradat1on of the spat1a1 resolutlon

was "’ observed w1th our co]l1mated X- ray source

The gat1ng for the constant fraction d1scr1m1nator has been made more

‘ re11ab1e by the add1t1on of a Schm1dt tr1gger stage between the 733 amp11f1er -

”ljand the f1rst MC 1662 gate Add1t1ona] gat1ng was a1so bu11t 1nto the prf

| d1scr1m1nator as shown on Figure’ 2 for use w1th a beam gate 1nput for our
'_Bevatron run and for future acce]erator test1ng The numerous "pull down" =
v resmstors at the nor gate outputs are h1stor1ca] and in most cases can be
avo1ded by subst1tut1ng the. MC 1663 low 1mpedance gates 1 ._g B

: The f11p flop, 1ntegrator, sample, and analyzer gates are essent1a11y
the same as shown on F1qure 9 of our last report |

An additional breadboard has been des1gned-and built to enable us to

study the spat1a1 reso]ut1on as 3 funct1on of” p051t1on anywhere 1n the
chamber while preserv1ng the-same abso]ute accuracy in the pulse height

ana1yzer (~'0.1 mm per channel). This is accomp]1shed by scaling and



e ' T

gatxng a 10x%z crysta] contro]1ed oscw]lator in such a way that f1n1te time
" intervals are subtracted out of the tlme separat1on pulse. The gated ear]y
~and .1ate mark s1gnals from the d1scr1m1nators are now fed into these c1rcu1ts
'1nst°ad of into the f11p f]op The output then goes to the 1ntegrator and to-
the pu]se he1ght ana]yzcr Manua1 b1nary sw1tches perm1t remova] of time nh
1ncrements 1n steps of ]OO nanoseconds up to: 3.1 m1croseconds In th1s
nanner the c1rcu1ts may be adgusted SO that ‘the ana]yzer gain can rema1n
flxed and 1ndependent of the 1ocat1on of the X- ray. source. These measurementslm,
m were 1nterrupted in order to prepare for the Bevatron tests o

“dWorP Present]y Unaerway

Slnce the BeVatron xun came near- the end of the reportlng per1od the
maJor part of the present effort rons1sts 1n the reductmon of’ the data, and
cplann1ng and preparat1on for the next phase | |

Ca]cu]at1ons of. chamber 1eSponse as a functlon of 1nput and applled
"vo]tage are underuoy, in order to understand the phenomenon of pu]se he1ght
saturat1on It appears to us - that the assumpt1ons made in the accepted
"Aca]cu1at1on of ga1r* are not good and the process of mu1t1p]1cat1on can be -
:understood better on the bas1s of a dlfferent set of assumpt1ons

‘The w1nd1ng nach1ne (F}gure ]) is: be1ng mod1f1ed so as to make qt
p0551b1e to use it for w1nd1ng de]ay 11nes This 1nvo]ves the 1nsta1]at1on40f
a vern1er mechan1sm to match the p1tch exact]y to the wwre dlameter | When o
thlS is completed, we ant1c1pate that 1t will be much easier to use for thzs

-~

purpose than a lathe. -~ ' : -

* Curran and Craggs,'Countinngubes, Chapter 3; Butterworth,. 1949
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In the;latest set_of-resolution measurements, the gas was argon- j
isobutane with no freon. W1th th1s mixture, we do not be11eve that e]ectron

_d1ffus1on can have contr1buted s1gn1f1cant1y to the measured uncerta1nty 1n ;;f'

B p051t1on

He ant1c1pate that our prOJected stud1es of e]ectron capture in e]ectro-
_ negatlve gases, and of the saturat1on of pu1se he1ght will shed 11ght on '

" the contr1but1on of e]ectron d]ffus1on to the uncerta1nty in pos1t1on in-
-7argon 1sobutane freon m1xtures |

Nowse in the E]ectron1cs ,f

The contr1but1on of e]ectron1c.no1se can be est1mated by us1ng.a pu]ser
?;1n place- of the chamber The pu]ser shou]d reproduce the chamber pu]ses as
3 c]ose]y as poss1b1e, and be fed 1nto the de1ay }1ne through the cathode |
'r1ands The exper1ments whlch we have performed to date glve a falnbapprox-
imation of the ideal sxtuat1on, and-1nd1cate that the electronic contr1but1on

to the Jitter is negligible for signals greater than 0.5 vo]tspinto;the,

discriminators. This appears at present not to be the limiting factort:'
Lateral Extent of Primary Ionization -

The source we’have_used.in_most measurements of spatial reso]utton~is
Fess; which.emits 5.9 KeV.x-raysr These are absorbed a]mostuentire]ybby'
the argon atomst | _H . o ' |

The probabiTity<that'absorption‘leads to the emission of an electron

'from the K shell is:
pk = 0.90

and for the L shell:



‘f‘_eThe f]uorescence y1e1ds are

0 11

w "# 0.01

..x,fThe probab111ty of escape of the K x- ray. 153?("

K =~ 0.9

'f*;{j3E1ghty ~one" percent of the t1me.we get K- she]ljabsorpt1on fo]]owed by_

?[de exc1tat1on v1a the Auger effec+ i Th1s W111 resu]t in the product1on of = ;7'
'*vtwo 3 KeV e]ectrons at the po1nt of 1nteract1on | i |

E1ght to n1ne percent of’the t1me there is. one 3 KeV- e]ectron (escape;[h E,;fﬁh

fﬂfpeak)

Zero to one percent of th1s t1me there are‘two'~13 KeV e]ectrons a:_;;f'*"

_;;d1fferent po1nts 1n the chamber (reabsorpt1on of the Ar K X~ ray)

1'mean free patch of the Ar K x- ray:1s K}= 3. 8 cm, the two po1nts w111 S
:j_therefore 1n genera] be severa] m1111meters apart ,1':_. o

" Ten percent of the time there are one 5.65- KeV electron: and one 6;24- 
v:ﬁKeV e]ectron (L she]l absorpt1on) | ' :

| ~The range of a 3- KeV e]ectron 1n the gas 1s about 0. 1mm ‘For fﬂéh',

. two e]ectron case,}1f the d1rect1ons of em1ss1on are not corre]ated the"‘
:.'r.ﬁ.s. d1stance a1ong one’ ax1s between the po1nt of or1g1n and the centro1d |
: of the 1on1zat10n d1str1but1on s 20 m1crons If there is on]y one 3-KeV |
.e1ectron, this distance becomes 30 microns. Theseltwo cases between them
cover 90 of the events Since the value of o, the r.m.s. positiOn'error,

is in general determwned on the bas1s of the w1dth of the curve‘at the 50%
or 6 ; point, 1t will not be affected by the other 10% of the cases it

_ appeaxs that e]ectron ranges do not. contr1bute significantly to the measured

o~ -

'“'va1ue,of o. - RO 'fi{fi"f~'



1"Prob1em Areas

One cf the- problems whlch we.. face at present is the effect of de]ta "Lh}wi-

iﬁ?f“rays on the measurement of tracL pos1t1on He expect much va1uab1e

'H*71nformat10n from a study of the pu]se shape in the carbon run at the Bevatron, ”
: Based on. th1s study, we w11] attempt to opt1m1ze the operatwng parameters .

hOT the chamber and the t1m1ng e1ectron1cs

Another problem c]ose]y assoc1ated W1th the f1rst, is. pu]se he1ght

' '3t5aturat1on As we have ment1oned ear11er in the report th1s effect is be1ng?f

'”ltgstudxed

iaﬁj tew. Techno]ogx

There are no new techno]oqy deve]opments to report
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